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THE METRIC
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MEASUREMENT (Sl)

FEDERAL REGISTER NOTICE
of
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This NBS Letter Circular reproduces the Federal Register notice
that interprets and modifies the International System of Units (Sl),
the Modernized Metric System, for the United States. This notice
supersedes a similar notice dated June 19, 1975.

Also included is a chart that shows the relationships of all the SI
units to which names have been assigned.
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This chart shows graphically how the 17 S| derived
units with special names listed in Table 2 of the Federal
Register Notice, reprinted on page 4, are derived in a
coherent manner from the base and supplementary units.
In the first column the symbols of the base and sup-
plementary units are shown in rectangles, with the name
of the unit shown toward the upper left of the rectangle
and the name of the quantity {measurable attribute)
shown below the rectangle. In the third column the sym-
bols of the derived units with special names are shown in
solid circles, with the name of the unit shown toward the
upper left of the circle, the name of the quantity shown
below the circle, and an expression of the derived unit in
terms of other units shown toward the upper right. In the
second column are shown those derived units without
special names that are used in the derivation of the
derived units with special names. In the chart the deriva-
tion of each unit is indicated by arrows bringing in
numerator factors (solid lines) and denominator factors
(broken lines).

The degree Celsius, shown on the chart in a broken-
line rectangle, is a special name for the kelvin, for use in
expressing Celsius temperatures or temperature intervals.
Where it is used to express temperature intervals, it is
equal to the kelvin, as shown on the chart, with the sym-
bol K toward the upper right of the °C circle; whetre it is
used to express Celsius temperatures, the equation
below “CELSIUS TEMPERATURE” relates Celsius
temperature (t°C) to thermodynamic temperature (TK).
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THE METRIC SYSTEM OF
MEASUREMENT

Interpretation and Modification of the In-
ternational System of Units for the
United States

Section 3 of Pub. I.. 94-168, the Metric
Conversion Act of 1975, declares that the
palicy of the United States shall be to
coordinate and plan the Increasing use
of the metric system in the United Btates.
Section 403 of Pub. .. 93-380, the Educa-
tion Amendments of 1974, states the pol-
fcy of the United States to encourage
educational agencies and institutions to
brepare students to use the metric sys-
tem of measurement as bart of the reg-
ular education program. Under both
these acts, the “metric system of meas-
urement” is defined as the International
System of Units as established by the
General Conference of Weights and
Measures in 1960 and Interpreted or
modified for the United States by the
Secretary of Commerce (subsec. 44),
Pub. L. 94-168; subsec. 403(a) (3) , Pub. L,
93-380) The Secretary has delegated his
authority under these subsections to the
Assistant Secretary for Science and
Technology. Accordingly, in implemen-
tation of this authority, the following
tables and associated materials set forth
the interpretation and modification of
the International System of Units (here-
inafter “SI”) for the United States.

This notice supersedes the notice of
the National Bureau of Standards pub-
lished in the FepERAL REGISTER Of June 19,
1975 (40 FR 25837).

The $I is constructed from seven base
units-for independent quantities plus two
supplementary units for plane angle and
solid angle, listed in Table 1.

TasLe 1.—8T base and supplementary unils

Symbol

Quantity Name
81 base units:
-- meter_..____. m
-~ kilogram kg
seoond - 8
ampere. A
kelvin.._____ K

amount of substance_. ____ mole._______ mol
luminous intensity -- .- ed
81 su};plementary units
-- radian._____ rad

Plene angle. . ___
solid angle_ - -~ steradian____ sr

1 Weight is the commonly used term for “inass.’’
1 Wide use is made of *“ Celsius temperature” (symhol
) defined by

L= T— Ty

where 7" is the thermodynamic temperature, expressed
in kelvins, and To=273.15 K by definition. The unit
“degree Celsins” is thug equal to the unit “kelvin,”
but the degree Celsjus (symbol °C) is a special name
used instesd of kelvin for expressing Celsius temperature,
A temperature interval or a Celsius temperature differ-
ia(nfe.mny be expressed in degrees Celsius as woll as in
elvins.

Units for all other quantities are de-
rived from these nine units. In Table 2
are listed 17 SI derived units with special
names which were derived from the base
and supplementary units in g coherent
manner, which means, in brief, that they
are expressed as products and ratios of
the nine base and supplementary units

T
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Tasis 2.—S8I derived unils with special

names
—— — —_—
ST unit -
Quantity Expression
Name Symbol in terms
of other
units

frequency......._.___ herte.._____ st
force..._.___._. --- newton. kg-m/st
Pressure, stress__...._ /m?
energy, work, guan- .- N-m

tity of heat.
power, radiant flux___ watt_______ w s
quantity of electric-  coulomb. C A-s

ity, electric charge.
electric potentlal, po- volt..______ v W/A

tential difference,

electromotive force,
capacitance. .. ______ farad. c/v
electric resistance_.__-ohm.. V/A
conductance - AV
magnetic flux Vs
magnetic flux density. Wb/m?
inductance..._ . _ Wb/A
luminous flux ed -sr
flluminance_ ...~ " lux... ... Im/m3?
activity (of ioni ecquerel .. By Ent

radiation source).
absorbed dose_._._.__ 152 S Gy Jfkg

All other 8I derived units, such as those
in tables 3 and 4, are similarly derived
in a coherent manner from the 26 base,
suz;gementary, and special-name SI
units.

TansLg 3.—Ezamples of SI derived units
expressed in terms of base uniis

Quantity ST unit Unit
symbol
area.._.. ... ... __ 8square meter__._._____ m?
volume_.__.__ --- cubic meter. . . _ .. mé
speed, velocity__.____ meter persecond_...__ mfs
acceleration.. . __ - meter per second m/s?
squared.
wave number. ______ "1 permeter. _._____.__ m-1
density, mass kilogram. per cubic kg/m?
density. meter,
current density._ . . ampere per squara Afm?
meter. .
magnetic field ampere per meter_ ... A/m
strength. .
eoncentration (of mole per cubic meter. _ mol/m?
amount of
substance).
specific volume _____ cubic meter per kilo- mifkg
gram.
luminance...._..__.__ candela per square ed/m?
meter.

TasLe 4.—Ezamples of SI derived units
expressed by means of special names

Quantity Name Unit
symbol
dynamic viscoslly - ... paseal socond._______ Pas
moment of force. -~ Newton meter._____ N-

Surface tensjon.___
power density, hea

flux density, irradi-  reter.
ance,
heat capacity, joule per kelvin._.___ J/K
entro;})}y.
speeific heat capac- joule per kilogram  J /(kg-K)
ity, specifie kelvin.
entropy.
specific energdy_ -..---- joule per kilogram._ . _ Jikeg
ermal conductiv- watg g;at meter W/(m-X)
ity. kelvin.
encrgy density.. .. __. joule per cubic Jm?
meter.
eleciric field strength_. volt per meter. _____ Vim
C/m?

electric charge den-  coulomb per cubic
i r

sity. meter.
electric flux density___ coulotl;nb per square C/m?
eter,

permittivity . ... ____ farad per meter...._ F/m

permeabilily. . -- henry per meter_.___ fm

molar energy.._______ Joule permole..... .. J/mol

molar entropy, mclar Joule per mole kel-  J/(mol-K)
heat capacity. vin,

For use with the SI units there is a set
of 16 prefixes (see table 5) to form mul-
tiples and submultiples of these units. It
is important to note that the kilogram
is the only SI unit with a prefix. Because

refixes of table 5, in the case of m
are to be used with gram (symbol 2)
not with kilogram (symbol kg).

TaBLE 5.—8I prefizes

Factor

Certain units which are not part of 1
SI are used so widely that it is impr:
tical to abandon them. The units that
accepted for continued use in the Unif
States with the International System :
listed in table 6.

TABLE 6.—Unils 4in use with the int
national system

Name 8ymbol Vailue in 8T unit
minute (time) min 1 min=60 s
hour..____.___ - h 1 h=60 min=3 600 s
day...._._.. d 1d=24 h==86400 s

degree (angle) . 1°==(x/180) rad
minute (angle; ! 17 = (1/60)° == (/10 800) r
se¢ond (angle) ._____ ” 177 = (1/60)’

= (/648 000) rad
liter...______.___. . L* 1 L=1dm!=10-3 m?
metrie ton_.._._____ t 1{=108 kg
hectare (land area)__ ha 1 ha=10¢ m?

*The international symbol for liter is the loweres
“1”?, which can easlly be confused with the numeral <1
Accordingly, the symbol “L” ig recommended |
United States use,

In those cases where their usage
already well established, the use, for
limited time, of the units in table 7
accepted, subject to future review,

TaBLE 7.—Units o be used Jor a limited tin

nautical mile angstrom gali

kno barn curie

standard atmosphere bar roeélggen
oy

L Unit of acceleration.
23 Unit of absorbed dose.

Metric units, symbols, and terms th:
are not in accordance with the foregolr
Interpretation and Modification are 1
longer accepted for continued use in ti
United States with the Internation
System of Units. Accordingly, the folloy
ing units and terms listed in the tak
of metric units in section 2 of the act:
July 28, 1866, that legalized the met1
system of weights and measures in t
United States, are no longer accepted
use in the United States:

myriameter

stere

millier or tonneay
quintal
myriagram

kilo (for kilogram)

For more information regarding t
International System of Units, cont:
the Office of Technical Publications, N
tional Bureau of Standards, U.8. Depa;
g(z)ezgz of Commerce, Washington, D

BETSY ANCKER-JOHNSON, Ph. D,
Assistant Secretary for
Science and Technology
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RELATIONSHIPS OF SI UNITS WITH NAMES

DERIVED UNITS WITH SPECIAL NAMES

newton (kg- m/s?)

.gn;v@ (J/kg) pascal H

BASE UNITS
kilogram
kg == —
MASS
meter
m
'LENGTH
a rd
/ -
s -

TIME
mole
mol
AMOUNT OF SUBSTANCE
ampere

ELECTRIC CURRENT

kelvin

K

del

cd

LUMINOUS INTENSITY

ABSORBED

A e

\

THERMODYNAMIC TEMPERATURE

SUPPLEMENTARY UNITS

radian
rad

PLANE ANGLE

steradian

Sr

SOLID ANGLE

DOSE PRESSURE, 4 STRESS

______________ T
AREA (N-m) I
, |
|
© |
ENERGY, WORK, }
nenque;l. u/s) hertz 1/s) QUANTITY OF HEAT :
]
s° activiTy I
- ;7 (OF10MIZING FREQUENCY |
7/ RADIATION SOURCE) I |

watt (Jd/s)
‘-——-—— —————— ——de |
coulomb (As) farad (c/v) |
POWER, !
HEAT FLOW RATE |
ELECTRIC CHARGE  CAPACITANCE ]
siemens {1/82) ohm ]
——- |
(W/A) |
CONDUCTANCE 7 RESISTANCE I
—_— e e e e e e e [
henry (Wb/A) |

POTENTIAL,
ELECTROMOTIVE |
FORCE |
INDUCTANCE |
. i
{Wh/m?) |
_______ -
by MAGNETIC MAGNETIC :
tog =Ty - 273.15 | FLUX FLUX

DENSITY :
|
!

lumen {cdse) lux (im/m?)
" r@‘_— mz_—--J

LUMINOUS FLUX ILLUMINANCE

SOLID LINES INDICATE MULTIPLICATION;
BROKEN LINES, DIVISION
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